Study design: Serum levels of interleukin-1β (IL-1β) and tumour necrosis factor-α (TNF-α) were measured over a 12-week period in 23 patients with spinal cord injury (SCI) with and without neurological improvement. Objectives: To determine the course of IL-1β and TNF-α in patients with SCI and observe a possible relationship between improvements in neurological functioning and cytokine levels. Setting: All patients were treated at the BG Trauma Centre, Ludwigshafen, Germany. All lab work was done at the University Hospital, Heidelberg. Methods: Spinal cord injury was classified according to the American Spinal Injury Association (ASIA) impairment scale (AIS) in 23 patients. TNF-α and IL-1β levels were measured upon arrival at the hospital, after 4 h, 9 h and 12 h, on days 1 and 3 and at the end of weeks 1, 2, 4, 8 and 12. Results: Temporal changes in TNF-α and IL-1β in SCI patients were seen. Patients with AIS improvement (Group 1) had significantly lower TNF-α levels at 9 h compared with patients without AIS improvement (Group 2; Po0.01). The course of IL-1β fluctuated greatly between 4 h and week 1 in the groups; however, between 2 and 12 weeks post trauma, there was an overall decline in both groups. Conclusion: Measuring serum levels of TNF-α and IL-1β over time could be useful in tracking the course of SCI. Our data show differences in measured cytokines over a 12-week period for SCI patients with and without neurological improvement.
INTRODUCTION
Spinal cord injury (SCI) is a debilitating disorder often leading to lifelong care and rehabilitation and severe social and economic consequences for patients and their families. Although rehabilitation and treatment of SCI has progressed over the years, there are still no effective, curative strategies for treating SCI. 1 In recent years, researchers have also investigated limiting damage directly after injury by targeting cytokines believed to be a cause of cellular damage. 2, 3 This study provides data on two potential targets for therapy, interleukin-1β (IL-1β) and tumour necrosis factor-α (TNF-α), as a first step toward improving the clinical outcome following acute and chronic SCI.
In general, SCI has a primary phase and secondary phase of injury following traumatic injury to the spinal cord. The primary phase is marked by necrosis due to mechanical trauma such as laceration, contusion, compression or concussion. The initial lesion is often small, but cell destruction mediated by calcium influx, NO and oxidative stress spreads to surrounding tissue within minutes to hours. Pro-inflammatory cytokines such as IL-1β and TNF-α may exacerbate this process and are linked to a longer process of secondary injury that continues in the weeks following injury. 4 Secondary injury is believed to be the continuation of cellular destruction brought on by processes such as oedema, inflammation, excitotoxicity and apoptosis 1 leading to neuronal cell death and axonal loss in regions not affected by the initial damage. 5 Although primary damage cannot be effectively treated, stopping secondary damage could halt neuronal degeneration and improve the clinical outcome of SCI.
Despite treatment attempts on animals showing success in limiting SCI, further studies are needed to show the efficacy and safety of such therapy in SCI patients. 6 In the literature, there have been few measurements of targeted cytokines in SCI patients. Research has shown that temporal cytokine responses can be used as objective predictors of wound healing and aid surgeons contemplating procedure selection and timing. 7, 8 This raises the question of whether cytokine levels would yield similar revelations and perhaps improve the treatment of SCI. Temporal cytokine levels after SCI have not been adequately assessed; to fill this gap, we recently measured sCD95L in nine SCI patients. 9 The present study is an extension of our previous study and involves a larger patient pool and two other cytokines of interest, IL-1β and TNF-α. We believe that these data will be useful to researchers investigating new procedures or improving current strategies in limiting neuronal damage post SCI.
MATERIALS AND METHODS
Data were obtained from 23 patients (16 males and 7 females) suffering from acute traumatic SCI who were admitted from 2009 to 2012 to the BG Trauma Centre (Berufsgenossenschaftlische Unfallklinik Ludwigshafen). Their ages ranged from 18 to 86 years. Fifteen (65.2%) patients were paraplegic, and eight (34.8%) patients were tetraplegic. American Spinal Injury Association (ASIA) impairment scale (AIS) grades (A-E) were evaluated according to the guidelines of the International Standards for Neurological Classification of Spinal Cord Injury. 10 Patients were divided into two groups (group 1, improved AIS grade; and group 2, no improvement in AIS grade) in our analysis. Demographic and clinical patient profiles are shown in Table 1 . Patients received neither methylprednisolone sodium succinate nor nonsteroidal antiphlogistics. Oxycodone hydrochloride (Oxygesic) was given for pain management.
All patients with TBI, severe chest injuries, traumatic amputations of the extremities and severe intra-abdominal injuries were excluded from our study.
Sample acquisition
Venous blood was collected (7.5 ml monovette, Sarstedt, Germany) following admission to the hospital at specific time points: upon arrival, at 4, 9 and 12 h, and at 1, 2, 4, 8 and 12 weeks after injury. Following 20 min of coagulation, blood was centrifuged at 3000 r.p.m. for 10 min and the serum supernatant obtained from serum samples was alliquoted and stored at − 80°C until analysis of IL-1β and TNF-α.
Measurement of IL-1β and TNF-α
The Quantikine Human Immunoassay (R&D Systems, Inc, Minneapolis, MN, USA) for IL-1β and TNF-α measurement was used. The lab technician performing the test was blinded to all patient and clinical information. Enzyme-linked immunosorbent assay analyses were performed twice for each patient at each time point. Lab work was done in the lab of the Heidelberg Trauma Research Group at the Heidelberg University Hospital.
Data analysis
Data analysis was supported by the Institute for Medical Biometrics and IT at the University of Heidelberg, Germany. Comparison of cytokine levels (IL-1β and TNF-α) between different groups was made with the Mann-Whitney U-Test. Comparison of cytokine levels within a group was made with the Wilcoxon signed-rank test. Continuous data were expressed as means and s.d., and categorical data were expressed with absolute and relative rates. Figures were illustrated in terms of means and s.e.m.
Results were deemed statistically significant if Po0.05. Statistical analyses were conducted with SPSS Software (Deutschland GmbH, Ehningen, Germany). Graphs were created with Sigmaplot Software (Systat Software Inc., San Jose, CA, USA). 
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RESULTS
Age, gender, level of lesion and initial and final ASIA impairment scale (AIS) grades for patients with and without AIS improvement are shown in Table 1 .
In the entire collective, there were 23 patients: 16 male and 7 female. The average age was 42.9 ± 21.8 years. Thirteen injuries (56.5%) were due to falls, 9 (39.1%) due to traffic accidents and 1 (4.4%) due to another cause. There were eight cervical lesions (34.8%), nine thoracic lesions (39.1%) and six lumbar lesions (26.1%). The initial AIS scores were as follows: 13 A injuries (56.5%), 1 B injury (4.3%), 4 C injuries (17.4%) and 5 D injuries (21.8%). The final AIS scores were as follows: 11 A injuries (47.9%), 1 B injury (4.3%), 2 C injuries (8.7%), 8 D injuries (34.8%) and 1 E injury (4.3%).
There were 7 patients with AIS improvement and 16 with no improvement. Among the patients with improvement, the average age was 50.14 ± 24.78 years. There were six females (85.7%) and one male (14.3%). Injuries included five falls (71.4%) and two traffic accidents (28.6%). There were three cervical lesions (42.9%), one thoracic lesion (14.2%) and three lumbar lesions (42.9%). Initial AIS injuries included two A injuries (28.5%), one B injury (14.3%), three C injuries (42.9%) and one D injury (14.3%). Final AIS scores were as follows: one B (14.3%), one C (14.3%), four D (57.1%) and one E (14.3%).
Among patients with no AIS improvement, the average age was 39.75 ± 20.39 years. There were 15 males (93.8%) and 1 female (6.2%). Injuries included 8 falls (50.0%), 7 traffic accidents (43.8%) and 1 other (6.2%). There were 5 cervical lesions (31.2%), 8 thoracic lesions (50.0%) and 3 lumbar lesions (18.8%). Initial AIS injuries included 11 A injuries (68.8%), 1 C injury (6.2%) and 4 D injuries (14.3%). Final AIS scores were as follows: 11 A (68.8%), 1 C (6.2%) and 4 D (25.0%). No AIS improve- Temporal changes in IL-1β and TNF-α serum levels after SCI B Biglari et al
TNF-α
Temporal changes in TNF-α in both groups are best seen in Figures 1a and b.
Patients with improved AIS (group 1) showed a decrease in TNF-α concentrations after 9 h (1.62 pg ml − 1 ), which was followed by significant increases at 72 h and week 1 in comparison with initial values (3.51 pg ml − 1 and 3.93 pg ml − 1 , P = 0.043 and 0.046, respectively). After 4 weeks and after 8 weeks there was a significant increase in levels (4.59 pg ml − 1 and 5.38 pg ml − 1 , P = 0.028 and 0.043, respectively), and a decrease thereafter up until week 12 (4.93 pg ml − 1 ) (Figures 1a and b) .
Patients without AIS improvement (group 2) showed a significant decrease in TNF-α levels at 4 h compared with the initial value (3.46 pg ml − 1 ; P = 0.026). Concentration levels fluctuated during week 1 and fell after week 2 (4.18 pg ml − 1 and 3.62 pg ml − 1 , respectively). Levels then increased up until week 12 (5.54 pg ml − 1 ).
There was a significantly lower concentration in group 1 than in group 2 at 9 h (Po0.01) (Figures 1a and b) .
IL-1β
Temporal changes can be seen in Figures 2a and b . From 4 h to week 1, cytokine levels fluctuated greatly in the AIS groups. Levels declined after week 2 in both groups with a plateau between weeks 4 and 8. There were no significant differences over the course of the first week relative to initial values in groups 1 and 2. However, group 2 showed a significant fall in IL-1β levels between weeks 1 and 4 (P = 0.017) (Figure 2a ). There were no significant differences between AIS groups over the entire course of the study.
DISCUSSION
In this study, we documented distinct, temporal cytokine profiles for IL-1β and TNF-α. We found that IL-1β levels were significantly elevated in SCI patients directly after accident and at all time points in the study. The TNF-α levels were significantly elevated following an initial decrease in concentration in the first 12 h after injury. Although studies have shown increased IL-1β and TNF-α after SCI, 11, 12 this was the first study to have taken repeated measurements over time to generate a temporal cytokine profile for IL-1β and TNF-α in humans. Because of the not especially large patient collective (n = 23), there were associated differences in absolute values with a high and variable s.d. Nevertheless, some significant absolute values for IL-1β and TNF-α were recorded.
One of the most comprehensive studies on cytokine profiles post SCI was conducted by Davies et al. 12 Authors documented cytokine profiles after SCI and showed significantly higher levels of TNF-α in SCI patients, similar to our results, but showed no detectable differences in IL-1β. Unlike our study, cytokine measurements were taken only once and patients were in different stages of SCI: 23 patients were in the sub-acute phase of SCI (2-52 weeks) and the remaining 34 had chronic SCI (452 weeks). Most measurements were probably taken at a much later time point than in our study, as Davies et al. 12 reported TNF-α serum levels, almost 10 times higher than ours, and IL-1β levels were undetectable. This could be explained by the fact that TNF-α increased steadily in our patients, peaking at our last measurement at week 12. Perhaps levels would have continued to increase, reaching a maximum level weeks or months later similar to that in the study by Davies et al. 12 With regard to absolute IL-1β levels, they peaked after 1 week and decreased steadily thereafter, which could explain undetectable measurements in the study by Davies et al. 12 (if IL-1β measurements were taken months after injury).
The discussion of cytokine profiles is by no means limited to research on SCI. Measurement of cytokines has also focused the interest of researchers in traumatic injury on other organs. 7 Of particular interest to our discussion on injury to the central nervous system is the recent study by LaPar et al. 13 on cytokine profiles in patients with no traumatic and traumatic head injuries. This study involved 1,022 patients over 5 years, making it one of the largest retrospective studies on cytokine profiles. Various cytokines were measured within 72 h of admission, including TNF-α and IL-1β. There appeared to be little differences in IL-1β between groups; however, TNF-α was shown to be significantly higher in patients with no traumatic head injury. 13 This study raised the question of whether the severity of injury to the head (assessed with the Head Injury Severity Score) affected cytokine profiles, or, more broadly speaking, whether there is a correlation between cytokine profiles and the level Temporal changes in IL-1β and TNF-α serum levels after SCI B Biglari et al of damage to the central nervous system. In extending this question, they also examined whether prognosis can somehow be reflected by cytokine levels. Researchers grouped patients according to mortality or survival, but concluded that there were no significant differences between IL-1β and TNF-α with regard to prognosis. In attempting to evaluate a similar type of question, we investigated whether improvements in AIS grades over the course of the study reflected different cytokine profiles-in other words, whether a distinct cytokine expression pattern could be detected in patients with a better prognosis. Patients were grouped into two groups, improved AIS or not improved. Overall, we saw that there was significant relationship between improved AIS grades and a fall in TNF-α after 9 h and an increase after 72 h and at later time points in this study. Lower levels of TNF-α were seen in patients with improved AIS in the first week after injury and significantly higher levels of TNF-α were seen in these patients thereafter. IL-1β levels were highly variable in both groups during the first week, and appeared to decline after the second week. Regarding TNF-α specifically, our data do not suggest that high levels of TNF-α after 72 h contribute to a worsening in neurological prognosis. Interestingly, Vidal et al. 14 suppressed TNF-α after 14 days in SCI mice and concluded that TNF-α has no influence on neurological remission during the early chronic phase of SCI (2-3 weeks post SCI). Our results are consistent with this study in showing that higher TNF-α levels were found in patients after 2 weeks who had improved AIS grades, suggesting that TNF-α does not necessarily exacerbate neurological damage in this early chronic phase of injury and TNF-α-blockers would not improve prognosis so late after injury (Figures 1a and b) . On the other hand, our data do not discount the fact that acute blockage of TNF-α could have some therapeutic benefit. Pearse et al. 15 observed that cyclic AMP given acutely reduced TNF-α levels in mice greatly, which could have been one of the mechanisms leading to functional recovery after SCI. In our study, neurological improvement appeared to be reflected by lower levels of TNF-α in the first week, especially in the first 72 h, suggesting that reducing TNF-α in this early phase of injury could have some benefit for the patient. Other studies have shown that there are other relevant factors not investigated in this study associated with changes in cytokines. For example, authors have shown that cytokine concentrations after injury appear to be highest in injured tissue and there are differences in systemic and local measurements. 16 There also appears to be a correlation between cytokine levels and distance from the lesion. 7 Understanding this spatial and temporal relationship of cytokine levels could be beneficial in targeting cytokines in the process of tissue repair and regeneration 17 and would be of interest in investigating SCI. Because of the obvious problems in extraction of tissue samples from the spinal cord, we were only able to use venous blood as our medium. We were able to show a temporal cytokine expression pattern for IL-1β and TNF-α in serum, but we do not know whether the results reflect temporal differences at the site of the lesion. This would be an interesting question to evaluate in a further study. Further limitations to this study were the small sample size and the differences in the demographics and AIS grades of groups (Table 1) . Further stratification of the data based on AIS grade was not meaningful because of the small size of the collective, making the value of cytokine expression as a prognostic marker unclear. A much larger patient collective would perhaps remove baseline differences in groups and produce more conclusive results. It is also worth noting that there is some concern that the AIS classification is limited in assessing neurological improvement. 18 Spontaneous AIS conversions following SCI have been documented in the literature, 19 and this possible source of error should be considered in future studies investigating similar questions. In addition, there is evidence in the literature that cytokine production is influenced by circadian rhythms. Authors have shown that macrophages secrete cytokines based on a circadian clock in mice. 20 A circadian-dependent secretion could have influenced the levels found in SCI patients and account for the variability of our results, although more investigation of this topic in humans is needed.
Our study and others suggest that the observation of peripheral cytokines could present a method for tracking the course of SCI and for better understanding this process. Although we were not able to show the prognostic value of our methods because of the limited size of our collective, our results imply that measuring cytokine expression patterns after SCI is meaningful to explore and potentially useful in developing innovative approaches for treating acute and subacute SCI. Temporal changes in IL-1β and TNF-α serum levels after SCI B Biglari et al
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